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ABSTRACT: (The use of genetic structure as a guide for seed gathering for forest restoration). Forest fragmentation pro-
vokes reduction of germoplasm sources for restoration. Seedling production depends on samples of isolated fragments and 
the usual strategy to solve this problem is the mixture of seeds from different populations. There is no information about 
the number of fragments needed to ensure a minimum amount of genetic variability in seeds, as well as about the collecting 
procedure that should be followed. Genetic monitoring could be an alternative method to provide a good quality in the gather-
ing of seeds. We present a case study using samples of Croton floribundus and Peltophorum dubium from forest fragments 
from northern Paraná, Brazil. Molecular markers (RAPD) were used to analyze the genetic structure of different sampling 
points in order to establish strategies for collecting seeds of these two species, which are commonly used for the restoration 
of Atlantic Forest. Results suggest that, at least for these two species, seeds can be obtained from a few fragments, in one or 
two regions, as a strategy for optimizing the collection of seeds used in restoration, as well as part of genetic diversity lost 
during forest fragmentation.
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RESUMO: (O uso da estrutura genética como um guia para coleta de sementes para restauração florestal). A fragmentação 
florestal provoca a redução das fontes de germoplasma para a restauração. A produção de mudas depende de amostras de 
fragmentos isolados e a estratégia comum para resolver este problema é a mistura de sementes de diferentes populações. 
Não há informações sobre o número de fragmentos que assegurem uma quantidade mínima de variabilidade genética nas 
sementes, bem como sobre os procedimentos de coleta que devem ser seguidos. O monitoramento genético pode ser uma 
alternativa para guiar a coleta de sementes. Nós apresentamos aqui um caso de estudo com amostras de Croton floribundus 
e Peltophorum dubium encontrados em fragmentos florestais do Norte do Paraná, Brazil. Marcadores moleculares do tipo 
RAPD foram utilizados para analisar a estrutura genética de diferentes pontos de coleta a fim de estabelecer estratégias para a 
coleta de sementes dessas duas espécies comumente usadas em reflorestamentos da Floresta Atlântica. Os resultados sugerem 
que, pelo menos para estas duas espécies, sementes podem ser obtidas de poucos fragmentos, em uma ou duas regiões, como 
a estratégia para melhorar a coleção de sementes usadas na restauração, bem como parte da diversidade genética perdida 
durante o processo de fragmentação florestal.
Palavras-chave: canafístula, capixingui, restauração ecológica, fragmentação florestal, diversidade genética, RAPD.
InTROdUCTIOn
In the northern region of Paraná State only 3% of the 
seasonal Atlantic Forest remains, which is distributed 
in small fragments. Torezan et al. (2005) proposed that 
this fragmented landscape is under intense structural 
changes caused by habitat reduction and edge effects. 
According Lowe et al. (2005), degradation of primary 
habitat of trees are resulting of two main processes, i) 
fragmentation of forest culminating in a clearing land 
and, ii) fragmentation due to other habitat disturban-
ces, such as selective tree extraction processes. These 
processes cause a reduction in population size and gene 
flow, increasing the risk of genetic drift and inbreeding 
in remnant populations. Such factors may lead to genetic 
divergence between these populations (Bacles et al. 2006, 
Zhao et al. 2006).
In the last decade, the use of molecular markers has led 
to a dramatic increase in knowledge about the historical 
and contemporary processes that contribute to the level 
and structure of biodiversity in different regions of the 
planet (Lowe 2005). Many of these studies aim to de-
termine how genetic variation is distributed within and 
among natural populations, with different reproductive 
strategies and seed dispersal behavior (Cooper 2000, 
Fontaine et al. 2004, Goulart et al. 2005a, Schlögl et 
al. 2007, Fuchs & Hamrick 2010, Rosas et al. 2011). 
In addition to providing a better understanding of how 
evolutionary mechanisms cause differentiation among 
populations, this type of information can provide sup-
port for the implementation of more appropriate strate-
gies for conservation (Zucchi et al. 2005, Estopa et al. 
2006).
Genetic studies of tropical species may be essential 
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tween the fragments sampled varied from 2 to 5 kilome-
ters (Table 1, Fig. 1). These sites were chosen because 
they have a sufficient number of adult plants, which fa-
cilitates the collection of seeds used to produce seedlin-
gs. Donor trees in each site were selected by a nursery 
team that has been providing seeds for the last ten years 
for seedling production purposes. Only one sample of 
P. dubium came from six 15-year-old trees planted from 
seedlings of unknown origin in a reforested area in the 
Londrina region, and was the only non-naturally esta-
blished population sampled.
The genomic DNA was extracted from young leaves 
of 96 adult plants of C. floribundus and 93 plants of P. 
dubium using the CTAB method (Doyle & Doyle 1990, 
with modifications), followed by cleaning with 5M 
NaCl and subsequent treatment with RNAse 1 mg/mL. 
The samples were quantified on a Dyna Quant 200 (Ho-
efer) fluorometer and diluted in TE to achieve a concen-
tration of 5 ng/mL. For the RAPD tests, 15 primers for 
C. floribundus and 10 primers for P. dubium were used 
(Table 2), which were all produced by InvitrogenTM. The 
RAPD reactions occurred in a final volume of 15 mL 
containing 1× buffer, 1 mM dNTP mix, 1 mM primer, 3 
mM MgCl2, 1 U of Taq polymerase (Invitrogen) and 10 
ng of genomic DNA, and using a PT-100 (BIO RAD) 
programmed to 92 oC for 4 min, and 40× (92 ºC × 1´, 40 
ºC × 30´´and 72 ºC × 2´), and a final extension of 72 ºC 
for 5´. The fragments were separated by electrophoresis 
in 1.4% agarose prepared in 1× TEB, with subsequent 
staining with 5 mL/mL ethidium bromide. To ensure the 
repeatability of RAPD, the reactions were performed 
three times separately under the same conditions. The 
images were acquired with AlphaDigiDoc - RT system.
Statistical analysis was performed using TFPGA sof-
tware (Miller 1997) for calculations of polymorphic 
loci number (P - 95% criterion) according to criterion 
to for dominant loci (Lynch & Milligan 1994). Popgene 
software (Yeh et al. 1999) was used for calculation of 
the Shannon diversity index (I). The AMOVA was used 
to determinate the genetic structure and fixation index 
(ΦST) based in the ARLEQUIN 3.0 software (Excoffier 
et al. 2005). STRUCTURE 2.2 software (Pritchard 
et al. 2000, Falush et al. 2003, 2007, Pritchard et al. 
2008) was used for determining Bayesian grouping and 
the number of populations (K) genetically distinct for 
to ensure the proper transfer of the genetic diversity of 
remnant populations of restored habitats (Gonçalves et 
al. 2010, Julio et al. 2011). However, in environments 
that exhibit great diversity, as in tropical forests, it is 
expensive and very difficult to carry out studies about 
genetic diversity for all species used in restoration pro-
grams. Thus, it is important to choose properly the species 
that should be analyzed, so that the information obtained 
will be useful for developing management strategies and 
conservation of related species (Kageyama et al. 2003).
Capixingui (Croton floribundus Spreng. - Euphorbiace-
ae) and canafístula (Peltophorum dubium Spreng. Taub. - 
Fabaceae) are two pioneer tree species commonly found in 
semideciduous forests of the northern state of Paraná, and 
they are widely used in reforestation programs due to 
their fast growth and high rusticity. Croton floribundus 
occurs preferentially in clumps in clearings and other 
open environments, such as forest edges, is pollinated 
by wind and small native bees, and its primary method 
of seeds dispersion is autochoric (Lorenzi 2002, Ki-
noshita et al. 2006). Peltophorum dubium occurs in low 
densities in mature forests, but can reach high densities 
in secondary stands (Donadio & Demattê 2000). Seeds 
of P. dubium are dispersed by wind (Lorenzi 2002), and 
are pollinated by non-specialized insects, especially flies 
in the Syrphidae (Passos 2007) and bumblebees (Agosti-
ni & Sazima 2003, Yamamoto et al. 2007). 
Universal codominant markers are not available for the 
study of a series of tropical tree species. However, it is 
possible that dominant genetic markers could be used to 
obtain the genetic diversity in these species (Kremer et al. 
2005). This study estimated genetic structure and varia-
bility using RAPD markers from samples of C. floribun-
dus and P. dubium, from three different seed gathering 
locations in southern Brazil. The goal of this work was 
to establish appropriate strategies for collecting seeds 
by maximizing the transfer of genetic diversity from 
donor populations to the seedlings in nurseries.
MATERIAl And METhOdS
Leaf samples of C. floribundus and P. dubium were 
collected in three regions containing fragments of se-
asonal Atlantic forest in northern Paraná, in southern 
Brazil. The distance between the regions ranged from 15 
to 45 kilometers and, within each region, the distance be-
Species localities SF I P he ΦST
C. floribundus Bela Vista do Paraíso (15) (17) 0.521 89.172 0.363 0.028972
Ibiporã (31) 0.489 84.076 0.341 0.021762
Londrina (19) (10) (4) 0.517 89.172 0.362 0.00674(ns)
Total 96 0.531 94.905 0.373 0.025942
P. dubium Bela Vista do Paraíso (13) (6) (12) 0.238 40.323 0.169 0.024681
Jataizinho/Uraí (16) (4) (4) (6) 0.255 45.161 0.180 0.052392
Londrina (15) (10) (7) 0.343 57.258 0.246 0.020271
Total 93 0.320 64.516 0.241 0.04404²
Table 1. Data collection of leaf samples of C. floribundus and P. dubium from northern Paraná.
1. Significant at 5%; 2. Significant at 1%; ns, not significant. Abbreviations: SF, samples per fragment; I, Shannon diversity index; P, polymor-
phic loci number; He, genetic diversity; ΦST, fixation index.
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each species. In this case a dominant marker configu-
ration was used, which was established by Falush et al. 
(2007). In both species, the simulations were performed 
with 200,000 replicates using the Monte Carlo method 
for Markov Chain (MCMC) after a burning period with 
20,000 repetitions. The K simulations varied from 1 to 
6 in P. dubium and from 1 to 9 in C. floribundus, based 
on 13 repetitions for each K suggested in a mix model. 
The choice of the most probable number of populations 
(k) was performed by the method proposed by Evanno 
et al. (2005). 
RESUlTS And dISCUSSIOn
The total number of RAPD markers used for the 
analysis of C. floribundus and P. dubium were 157 and 
124, respectively. The percentage of polymorphic loci 
(P) was 94.91% for C. floribundus and 64.52% for P. 
dubium (Table 1). The heterozygosity levels (He) and 
Shannon index (I) were also higher for C. floribundus 
(I = 0.531 and He = 0.373) than P. dubium (I = 0.32 and 
He = 0.241). Furthermore, P. dubium presented more di-
fferences in the genetic diversity levels among sampled 
regions. In this case, the components of genetic diver-
sity were higher for the Londrina region (P = 57.26%, 
I = 0.34 and He = 0.25) than for the Jataizinho/Uraí (P 
= 45.16%, I = 0.26 and He = 0.18) and Bela Vista do 
Paraíso (P = 40.32%, I = 0.24 and He = 0.17) regions.
AMOVA analysis indicated that for C. floribundus 
the component of variation among  sampled regions 
was only 2.59%. For P. dubium this value was slightly 
higher (4.40%). The fixation indices (ΦST) were sig-
nificant for almost all regions (Table 1), except for C. 
floribundus sampled from Londrina (ΦST = 0.00674). 
However, although significant, most could be conside-
red low according to the criteria established by Wright 
(1978). Only samples of P. dubium from the Jataizinho/
Uraí region showed moderate levels of genetic diffe-
rentiation (ΦST = 0.05239). The data submitted to Baye-
sian structure analysis revealed that P. dubium would 
be structured k = 1 population according to the method 
established by Evanno et al. (2005). For C. floribundus, 
this same analysis indicated k = 2 populations. Howe-
ver, there was no genetic differentiation among the sam-
pled regions.
Estimates of genetic diversity for C. floribundus were 
similar or even superior to those described for other 
Brazilian tree species. However, this did not occur with 
P. dubium. For example, in Trichilia pallida - Melia-
ceae (Zimback et al. 2004) and Plathymenia reticula-
ta - Mimosoideae (Lacerda et al. 2001), P was estima-
ted at 92.6% and 70.8%, respectively. In Eremanthus 
erythropappus (Asteraceae), the Shannon index (I) ran-
ged from 0.38 to 0.48 (Freitas 2001) and 0.45 to 0.49 
(Estopa et al. 2006). For Mabea fistulifera (Euphorbia-
ceae) from two distinct regions (Goulart et al. 2005b), 
I ranged between 0.41 and 0.38. The lowest diversity 
values for P. dubium can be related to the recent history 
of colonization in northern Parana, and the distribution 
pattern of trees sampled in this experiment. Because its 
















Table 2. List of the primers used in the RAPD analysis.
Figure 1. Collection sites of C. floribundus and P. dubium. A. A map showing the selected areas in Paraná State, Brazil. B. Regions were ma-
terial was collected: (1) Londrina, (2) Bela Vista do Paraíso, (3) Jataizinho, (4) Uraí and (5) Ibiporã.
A B
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wood is economically valuable, P. dubium was highly 
exploited during the colonization of the region. Moreo-
ver, in this experiment, this species was mainly collec-
ted from smaller fragments or even in more open and 
degraded environments, such as clearings and pastures, 
or along the edges of roads and streams. Also, the re-
gion of Jataizinho/Uraí showed a greater degree of en-
vironmental degradation, which may have resulted in 
the greater differentiation index found for this location 
(ΦST = 0.05239). On the other hand, we must also con-
sider that the distribution pattern found for P. dubium 
could be related to its ability to naturally occupy such 
environments. Thus, these data may reflect a recent re-
occupation (natural or artificial) in these regions.
The levels of genetic structuring for these two species 
were not very different from those reported for other 
tropical tree species. Kageyama et al. (2003) found a 
component of genetic divergence among populations 
of 0.7% for Trema micrantha (Ulmaceae) and 4.9% 
for Esenbeckia leiocarpa (Rutaceae). In another study, 
Goulart et al. (2005b) found a genetic divergence level 
of 9% between samples of two localities of Mabea fis-
tulifera, which were isolated by only 15 Km. 
According to Hamrick & Godt (1989), a major de-
terminant of genetic structure of plant populations is 
related to their reproductive biology, and in species that 
cross-fertilize, the genetic divergence among popula-
tions rarely exceeds 20%. In an experiment conducted 
with the tropical tree species Swietenia humilis that is 
pollinated by insects, Rosas et al. (2011) reported that, 
in isolated locations, about 19% of the pollen can travel 
more than 1,500 meters from the parent tree. However, 
their study indicates that forest fragmentation causes 
a reduction in pollen sources and the genetic diversity 
of offspring of individual trees. Sebbenn et al. (2011) 
analyzed the gene flow in tropical tree species Copaife-
ra langsdorffii (Leguminosae, Caesalpinioideae) in an 
isolated fragment about 1.2 km from similar fragments. 
In their experiment, the authors found no seed immigra-
tion and the immigration rate of pollen was only 4.7%. 
According to a survey done by the authors, this species 
is pollinated by insects and seeds are dispersed by birds 
and mammals.
In each of the regions studied in our experiment there 
are seasonal Atlantic Forest fragments of different si-
zes that are in different degrees of conservation. These 
fragments are usually separated by areas of agriculture. 
Studies have shown that primary seed dispersal of C. 
floribundus is autochoric and that this species is polli-
nated by wind and small bees (Lorenzi 2002, Kinoshita 
et al. 2006). In turn, the seeds of P. dubium are wind dis-
persed (Lorenzi 2002) and this species is pollinated by 
small and large insects (Passos 2007, Yamamoto et al. 
2007, Agostini & Sazima 2003). Thus, although gene 
flow between regions sampled may be limited, it is pos-
sible that exchanges occur between adjacent fragments 
within each region. Although the genetic diversity le-
vels were similar in the different regions studied, the 
results obtained for P. dubium may be an indication that 
the process of genetic variation due to fragmentation is 
already in progress.
The low level of genetic structure found in this study 
suggests that, in at least these two species, seeds used 
in the process of forest restoration can be obtained from 
fragments of one or two regions. Further studies should 
be made to try to explain the lower level of diversity 
found in P. dubium. This type of information can be use-
ful in developing more efficient strategies (economic 
and environmental) to obtain seeds and could also be 
useful for developing strategies to reintroduce or even 
minimize the loss of genetic diversity in species that 
were exploited during the colonization of this region.
ACKnOwlEdgEMEnTS
The authors thank the Fundação Araucária, IAP-
-SEMA and CNPq for financial support. Edson Mendes 
Francisco and the staff of the nursery at Universidade 
Estadual de Londrina helped with the fieldwork.
REFEREnCES
AGOSTINI, K. & SAZIMA, M. 2003. Plantas ornamentais e seus re-
cursos para abelhas no campus da Universidade Estadual de Campinas, 
estado de São Paulo, Brasil. Bragantia, 62: 335-343.
BACLES, C.F.E., LOWE, A.J. & ENNOS, R.A. 2006. Effective seed dis-
persal across a fragmented landscape. Science, 311: 628.
COOPER, M.L. 2000. Random amplified polymorphic DNA analysis 
of southern brown bandicoot (Isoodon obesulus) populations in Western 
Australia reveals genetic differentiation related to environmental vari-
ables. Molecular Ecology, 9:469-479.
DONADIO, N.M.M. & DEMATTê, M.E.S.P. 2000. Morfologia de fru-
tos, sementes e plântulas de canafístula (Peltophorum dubium (Spreng.) 
Taub.) e jacarandá-da-bahia (Dalbergia nigra (Vell.) Fr.All. ex Benth.) 
- Fabaceae. Revista Brasileira de Sementes, 22: 64-73.
DOYLE, J.J. & DOYLE, J.L. 1990. Isolation of plant DNA from fresh 
tissue. Focus, 12: 13-15.
ESTOPA, R.A., SOUZA, A.M., MOURA, M.C.O., BOTREL, M.C.G., 
MENDONçA, E.G. & CARVALHO, D. 2006. Diversidade genética em 
populações naturais de candeia (Eremanthus erythropappus (DC.) Ma-
cLeish). Scientia Forestalis, 70: 97-106.
EVANNO, G., REGNAUT, S. & GOUDET, J. 2005. Detecting the num-
ber of clusters of individuals using the software structure: a simulation 
study. Molecular Ecology, 14: 2611-2620.
ExCOFFIER, L., LAVAL, A. & SCHNEIDER, S. 2005. Arlequin ver. 
3.0: An integrated software package for population genetics data analy-
sis. Evolutionary Bioinformatics Online, 1: 47-50.
FALUSH, D., STEPHENS, M. & PRITCHARD, J.K. 2003. Inference 
of population structure using multilocus genotype data: Linked loci and 
correlated allele frequencies. Genetics, 164: 1567-1587.
FALUSH, D., STEPHENS, M. & PRITCHARD, J.K. 2007. Inference of 
population structure using multilocus genotype data: dominant markers 
and null alleles. Molecular Ecology Notes, 7: 574-578.
FONTAINE, C., LOVETT, P.N., SANOU, H., MALEY, J. & BOUVET, 
J.M. 2004. Genetic diversity of the shea tree (Vitellaria paradoxa C.F. 
Gaertn), detected by RAPD and chloroplast microsatellite markers. He-
redity, 93:639-648.
FREITAS VLO. 2001. Variabilidade genética em Vanillosmopsis erythro-
pappa Schlutz Bip. (Asteraceae) em áreas de candeial e de mata. Disser-
tation: UFMG, Belo Horizonte. 69 p. 
313Genetic structure as a guide for seed gathering
R. bras. Bioci., Porto Alegre, v. 10, n. 3, p. 309-313, jul./set. 2012
FUCHS, E.J. & HAMRICK, J.L. 2010. Spatial genetic structure within 
size classes of the endangered tropical tree Guaiacum sanctum (Zygo-
phyllaceae). American Journal of Botany, 97:1200-1207.
GONçALVES, A.C., REIS, C.A.F., VIEIRA, F.A. & CARVALHO, D. 
2010. Estrutura genética espacial em populações naturais de Dimorphan-
dra mollis (Fabaceae) na região norte de Minas Gerais, Brasil. Revista 
Brasileira de Botânica, 33:325-332.
GOULART, M.F., LEMOS-FILHO, J.P. & LOVATO, M.B. 2005a. Phe-
nological Variation Within and Among Populations of Plathymenia re-
ticulata in Brazilian Cerrado, the Atlantic Forest and Transitional Sites. 
Annals of Botany, 96:445-455.
GOULART, M.F., RIBEIRO, S.P. & LOVATO, M.B. 2005b. Genetic, 
Morphological and Spatial Characterization of two Populations of Ma-
bea fistulifera Mart. (Euphorbiaceae), in Different Successional Stages. 
Brazilian Archives of Biology and Technology, 48:275-284.
HAMRICK, J.L. & GODT, M.J.W. 1989. Allozyme diversity in plant 
species. In: BROW, H.D., CLEGG, M.T., KAHLER, A.L., WEIR, B.S. 
(eds.). Plant population genetics, breeding and genetic resources. Sunder-
land, MA: Sinauer Associates Inc., pages 43-63.
JULIO, N. B. , RONDAN DUEÑAS, J. C., RENISON, D. & HENSEN, 
I. 2011. Genetic structure and diversity of Polylepis australis (Rosaceae) 
tree populations from central Argentina: Implications for forest conserva-
tion. Silvae Genetica 60: 55-61.
KAGEYAMA, P.Y., SEBBENN, A.M., RIBAS, L.A., GANDARA, F., 
PERECIN, M.B. & VENCOVSKY, R. 2003. Diversidade genética em 
espécies arbóreas tropicais de diferentes estágios sucessionais por marca-
dores genéticos. Scientia Forestalis, 64: 93-107.
KINOSHITA, L.S., TORRES, R.B., FORNI-MARTINS, E.R., SPI-
NELLI, T., AHN, Y.J. & CONSTâNCIO, S.S. 2006. Composição flo-
rística e síndromes de polinização e de dispersão da mata do Sítio São 
Francisco, Campinas, SP, Brasil. Acta Botanica Brasilica, 20: 313-327.
KREMER, A., CARON, H., CAVERS, S., COLPAERT, N., GHEYSEN, 
G., GRIBEL, R., LEMES, M., LOWE, A.J., MARGIS, R., NAVARRO, 
C. & SALGUEIRO, F. 2005. Monitoring genetic diversity in tropical 
trees with multilocus dominant markers. Heredity, 95:274-280.
LACERDA, D.R., ACEDO, M.D.P., LEMOS FILHO, J.P. & LOVATO, 
M.B. 2001, Genetic diversity and structure of natural populations of 
Plathymenia reticulata (Mimosoideae), a tropical tree from the Brazilian 
Cerrado. Molecular Ecology, 10:1143-1152.
LORENZI, H. 2002. Árvores Brasileiras: manual de identificação e cul-
tivo de plantas arbóreas do Brasil. São Paulo: Nova Odessa - Instituto 
Plantarum. 384p.
LOWE, A.J., BOSHIER, D. , WARD, M., BACLES, C.F.E. & NAVAR-
RO, C. 2005. Genetic resource impacts of habitat loss and degradation; 
reconciling empirical evidence and predicted theory for neotropical trees. 
Heredity, 95: 255-273.
LOWE, A. 2005. Population genetics of neotropical trees focus issue. 
Heredity, 95: 243-245.
LYNCH, M. & MILLIGAN, B.G. 1994. Analysis of population structure 
with RAPD markers. Molecular Ecology, 3: 91-99.
MILLER, M.P. 1997. Tools for population genetic analysis (TFPGA) 1.3: 
A Windows program for the analysis of allozyme and molecular popula-
tion genetic data. Computer software distributed by author.
PASSOS, L.C. 2007. Fenologia, polinização e reprodução de duas 
espécies de Croton (Euphorbiaceae) em mata semidecídua. Dis-
sertação, UNICAMP, Campinas, SP, “http://libdigi.unicamp.br/
document/?code=vtls000093648” 
PRITCHARD, J.K. & WEN, W. 2008. Documentation for STRUCTURE 
software: Version 2. Available in http://pritch.bsd.uchicago.edu, 2003. 
Accessed in October 7 2008.
PRITCHARD, J.K., STEPHENS, M. & DONNELLY, P. 2000. Inference 
of population structure using multilocus genotype data. Genetics, 155: 
945-959.
ROSAS, F., QUESADA, M., LOBO, J.A. & SORK V.L. 2011. Effects of 
habitat fragmentation on pollen flow and genetic diversity of the endan-
gered tropical tree Swietenia humilis (Meliaceae).  Biological Conserva-
tion, 144:3082-3088.
SCHLöGL, O.S., SOUZA, A.P. & NODARI, R.O. 2007. PCR-RFLP 
analysis of non-coding regions of cpDNA in Araucaria angustifolia 
(Bert.) Kuntze. Genetics and Molecular Biology, 30: 423-427.
SCHWARCZ, K.D., PATACA, C.L., ABREU, A.G., BARIANI, J.M., 
MACRINI, C.M.T. & SOLFERINI, V.N. 2010. Genetic diversity in At-
lantic Forest trees: fragmentation effects on Astronium graveolens (Ana-
cardiaceae) and Metrodorea nigra (Rutaceae), species with distinct seed 
dispersal strategies. Botanical Journal of the Linnean Society, 164: 326-
336.
SEBBENN, A.M., CARVALHO, A.C.M., FREITAS, M.L.M., MORAES, 
S.M.B., GAINO, A.P.SC., SILVA, J.M., JOLIVET, C. & MORAES, 
M.L.T. 2011.  Low levels of realized seed and pollen gene flow and strong 
spatial genetic structure in a small, isolated and fragmented population of 
the tropical tree Copaifera langsdorffii Desf. Heredity, 106: 134-145.
TOREZAN, J.M.D., SOUZA, R.F., RUAS, P.M., RUAS, C.F., CAMAR-
GO, E.H. & VANZELA, A.L.L. 2005. Genetic variability of pre and post-
fragmentation cohorts of Aspidosperma polyneuron Muell. Arg. (Apocy-
naceae). Brazilian Archives of Biology and Technology, 48: 171-180.
WARD, M., DICK, C.W., GRIBEL, R., LEMES, M., CARON, H. & 
LOWE, A.J. 2005. To self, or not to self. A review of outcrossing and 
pollen-mediated gene flow in neotropical trees. Heredity, 95: 246-254.
WRIGHT, S. 1978. Evolution and the genetics of populations: variability 
within and among natural populations. University of Chicago Press, v. 4.
YAMAMOTO, L.Y., KINOSHITA, L.S. & MARTINS, F.R. 2007. Sín-
dromes de polinização e de dispersão em fragmentos da Floresta Estacio-
nal Semidecídua Montana, SP, Brasil. Acta Botanica Brasílica, 21:553-
573.
YEH, F.C., YANG, R. & BOYLE, T. 1999. POPGENE version 1.31: Mi-
crosoft Windows based freeware for populations genetic analysis. Uni-
versity of Albert Center for International Forestry Research.
ZHAO, A.L., CHEN, x.Y., ZHANG, x. & ZHANG, D. 2006. Effects of 
fragmentation of evergreen broad-leaved forests on genetic diversity of 
Ardisia crenata var. bicolor (Myrsinaceae). Biodiversity and Conserva-
tion, 15: 1339-1351.
ZIMBACK, L., MORI, E.S., KAGEYAMA, P.Y., VEIGA, R.F.A. & 
MELLO JUNIOR, J.R.S. 2004. Estrutura genética de populações de Tri-
chilia pallida por marcadores RAPD. Scientia forestalis, 65:114-119.
ZUCCHI, M.I., PINHEIRO, J.B., CHAVES, L.J., COELHO, A.S.G., 
COUTO, M.A., MORAIS, L.K. & VENCOVSKY, R. 2005. Genetic 
structure and gene flow of Eugenia dysenterica natural populations. Pes-
quisa Agropecuária Brasileira, 40: 975-980.
